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A loggerhead turtle and its fish companion ride the warm waters of the Gulf Stream off the
Azores. This little slice of ocean is bursting with life—an aquatic Eden for dolphins, fish, and
even the giant blue whale. © Cristina Mittermeier/@Mitty; FRONT COVER: Olive ridley turtles
mate in Papagayo Gulf on Costa Rica’s Pacific Coast. © EdwarHerreno.com







Ostional, Costa Rica — The legal egg harvest during olive ridley arribadas at
Ostional, Costa Rica, is controversial, and past images have misrepresented
the people, depicting them as environmental terrorists. Given that, it was
surprising how warmly | was welcomed into the community. | wanted to make
a picture that reflected the direct link between sea turtles and the community,
so | adjusted my altitude by perching on a ladder. Thereby | framed the shot
so that the people and turtles occupied the same space, with neither species
dominating the other. © Thomas P. Peschak

—> SEE MORE PHOTOS AND STORIES FROM TOM ON PAGES 14-23.




Editor’s Note

Capturing Moments

estling into the chilly beach at midnight, waiting for a turtle to emerge,
N brought back fond memories of many such peaceful nights that I spent as a
researcher—the rhythmic crashing of waves, the smell of moist sand, and the
sounds of the jungle nearby. But on this night the goal was not to count, tag, or
measure but rather to capture a moment. At my side was Thomas Peschak, crouched
behind the tool of his trade, a tripod-mounted camera specially modified by National
Geographic engineers to capture the invisible ultraviolet light of night. Tom had the
image he sought in his mind, facing west with clouds obscuring the moon, framed by
forest to the left, and with the upturned hull of a shipwreck to the right. There we
waited for the space between to be filled by a nesting leatherback that was certain to
appear. At Grand Riviere, Trinidad, as many as 400 females can nest in a night. There
were already several females around us—coming, going, digging, laying, covering—
but none were yet inside the frame of the photograph to be. We had to wait with
patience, another tool of Tom’s trade, for the moment in which the physical setting,
the invisible light, the movement of the waves, and the subject herself conspired to
match his mind’s vision. While we waited, we talked about his quest to photograph
sea turtles differently than any photographer before. His compelling story and photos
come to life herein (pp. 14-23).

Capturing moments with our far-flung sea turtle colleagues has been hard during
the COVID-19 pandemic that upended the world just days after our last volume of
SWOT Report was shipped to Colombia for the 38th Annual Sea Turtle Symposium
that, sadly, never happened. Our global clan—accustomed to gathering in throngs
each year to meet friends; to share science and stories; and to hug, laugh, dance, and
recharge—was denied that joy in 2020 by a deadly virus.

Nevertheless, we were able to cope and to pivot. Our SWOT team found new
ways to package and share content online, from Volume XV itself, to Expert Q&A
articles, webinars, and more. We helped build new networks such as “Team BEACH’
to more effectively influence the human behaviors that result in healthy oceans and sea
turtles. We even had some fun with things such as Seaturtleology, an online quiz
game that ranks sea turtlers’ experiences and challenges us all to do and see more. Visit
www.SeaTurtleStatus.org today, and you will find a more vibrant SWOT hub than ever
before. Many of our SWOT team members worldwide also adapted to meet the challenges
of COVID-19, and we have shared some of their stories on pp. 40—45 of this volume.

SWOT was not cowed by COVID-19 to shy away from our audacious goals—
such as a global overview and the first comprehensive maps in more than a decade of
the world’s most abundant sea turtle species, the olive ridley (see pp. 24—33), an effort
that brought together dozens of top experts and hundreds of data contributors. We are
also proud to have continued our annual small grants program in this challenging year,
providing much needed support to a dozen conservation programs worldwide
(pp. 48-51).

The past year brought pain and setbacks, including the loss of dear friends and
loved ones (pp. 58—59), but we were inspired by the incredible resilience of our global
sea turtle community in meeting these challenges, and we have renewed optimism for

sea turtles and for those of us who work to conserve them on a healthy planet.

Roderic B. Mast
Chief Editor
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Kemp’s ridley
Lepidochelys kempii

@

meet the
turtles

The seven sea turtle species that grace our
oceans belong to an evolutionary lineage that
dates back at least 110 million years. Sea turtles
fall into two main subgroups: (a) the unique
family Dermochelyidae, which consists of a
single species, the leatherback, and (b) the
family Cheloniidae, which comprises the six
species of hard-shelled sea turtles.

Olive ridley

Lepidochelys olivacea

" Hawksbill

Eretmochelys imbricata

Flatback

Natator depressus

o)

Loggerhead

Caretta caretta

IUCN RED LIST STATUS:

Green
Chelonia mydas

eV

@ Critically Endangered

@ Endangered

Vulnerable

@ Data Deficient

Leatherback

Dermochelys coriacea

Visit www.SeaTurtleStatus.org to learn
more about all seven sea turtle species!

ILLUSTRATIONS: © Dawn Witherington
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Find Mr. Leatherback! How
1 many times can you spot

Mr. Leatherback’s distinctive
silhouette in this issue of SWOT
Report? Check the SWOT website
at www.SeaTurtleStatus.org for the
correct answer!

Masirah Island, Oman — Although still
considered one of the largest loggerhead
rookeries in the world, this population is
declining rapidly. | patrolled the beach at
first light each day, hoping to encounter

a straggling nester still on the beach at
sunrise. Finally we found this giant, barnacle-
encrusted, ancient-looking female. | knew
as she entered the waves that my shot was
in the surf, so | followed her in, ultimately
sacrificing some of my gear to capture this
image. © Thomas P. Peschak

- SEE MORE PHOTOS AND STORIES FROM
TOM ON PAGES 14-23.



research and status

ADDRESSING BYCATCHIN A
Global Leatherback

By Ganesh Thannoo, he dual-island nation of Trinidad and Tobago supports one

Kyle Mitchell, and

Scott Eckert of the world’s largest nesting colonies of leatherbacks, with

40,000 or more nests annually. Most nesting occurs on the
northeast coast of Trinidad and is centered near the communities
of Grande Riviere, Matura, and Fishing Pond. At Matura (one of
three index beaches), turtle populations are declining at approxi-
mately 5 percent per year, which likely represents a trend for the
entire leatherback population.

Incidental capture by fisheries is a major source of mortality for all sea turtle populations globally, and
artisanal fishers have a disproportionately high impact in Trinidad, especially near nesting beaches and

A leatherback turtle nests just steps during nesting season. Trinidad supports a large artisanal gillnet fishery near its leatherback beaches. That
away from the fishing village of Grande
Riviere on Trinidad’s north coast.

© Ben J. Hicks/benjhicks.com methods such as bottom-set longlines, and multifilament drift gillnets. The latter gear type sustains the

fishery uses a variety of gear including bottom-set monofilament gillnets, pots, various hook and line
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Hotspot

highest levels of leatherback entanglement, estimated to exceed 3,000
adult leatherbacks yearly with a mortality rate of about 30 percent.
Efforts to reduce Trinidad’s bycatch were undertaken during
2006-2010, beginning with a planning workshop hosted by the
Wider Caribbean Sea Turtle Conservation Network (WIDECAST)
and the Trinidad Ministry of Agriculture, Land, and Marine
Resources. The workshop brought together representatives from
government, artisanal fishing groups, conservation nongovernmental
organizations (NGOs), and scientists with both fisheries and sea
turtle expertise. The resulting plan called for a series of experiments in
bycatch reduction methods aimed at reducing leatherback entangle-
ment significantly while not reducing fisher incomes. Most of the
studies focused on changes to nets. Only new nets were used, and
onboard observers ensured compliance, consistency, and accuracy in
data acquisition. Results indicated that nets no more than 50 meshes
deep—instead of the more traditional depth of 100-150 meshes—

provided the highest rate of reduction in turtle entanglement.

However, a small reduction in target species catch was also a result.
Entanglement rates also were influenced by turtle density. When the
costs of net repair caused by damage sustained by entanglement
events were included in an economic evaluation, the 50-mesh nets
provided a 33 percent higher economic return despite a slightly lower
fish catch. Anecdotal reports by fishers also noted that the 50-mesh
nets allowed for easier extraction of turtles without harm to either the
turtle or the net.

Fishing methods were also evaluated for their bycatch impacts.
The most promising method for reducing entanglement was troll
fishing, which, while common in Tobago, is rarely practiced in
Trinidad. Trolling had a significantly higher rate of economic return
for fishers, and it yielded no turtle bycatch. However, trolling required
greater fisher expertise and effort, making it a less feasible replacement
for gillnets. Other experiments looked at the effect of marking nets
with colored LED marker lights; this effort yielded no reduction in
entanglement rates.

Sadly, despite success in developing the bycatch-lowering alterna-
tives to historic fishing practices, and notwithstanding initial support
for the program from both fishers and regulatory agencies, there was a
strong reluctance to adopt such methods after the program ended. A
lack of financial resources, the complexity of introducing new regula-
tions, and tradition were all given as reasons for this reticence.

Ultimately, a final project had 29 fishers deploy Vessel
Monitoring Systems, which recorded fishing locations and turtle
captures to identify hotspots for probable leatherback entanglement.
From those data, a regulatory scheme was designed to set time or
area closures for certain gear types, and model fisheries legislation
was proposed. The regulations called for the north and east coasts

of Trinidad to be divided into fishing gear exclusion zones, with

(1) high leatherback interaction areas limited to the use of turtle-safe
fishing methods such as trolling, (2) moderate interaction areas
limited to shallow set drift gillnets and trolling, and (3) low-
probability interaction areas allowed to follow standard gear
practices. Although Trinidad has yet to adopt those bycatch
reduction methods (either officially or in practice), policy changes at
the national level are underway.

Conservation of Trinidad and Tobago’s important leatherback
rookery has been constantly evolving over the years, starting with
efforts led by concerned villagers to curtail beach-based slaughter
of turdles for community subsistence. That movement led to the
research, policy, and conservation efforts at the national and
international scales described herein. The government of Trinidad
and Tobago has created a National Sea Turtle Recovery Plan and a
cabinet-appointed Sea Turtle Taskforce, which is directly overseen by
Parliament. Those groups have ensured deep community engagement
at all levels. The country’s sea turtles are now recognized for their
global importance, and efforts to study and protect them have drawn
international attention.

Changing the livelihoods of fishers, which are long-steeped in
culture, history, and tradition, will not be easy, but it is possible.
Thanks to a long-term awareness program led by the community-
based nonprofit Nature Seekers, the citizenry is learning about the
symbiotic relationship between sea turtles and fishes, as well as
about the dual truths not only that sea turtle bycatch is harmful to
a healthy sea turtle population, but also that an unhealthy sea turtle

population is harmful to the fishing industry. o
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WHAT’S NEXT IN UNDERSTANDING
OCEAN PLASTIC POLLUTION?

By Jesse Senko, Sarah Nelms, Janie Reavis, Blair Witherington, Brendan Godley, and Bryan Wallace

A green turtle mistakes a plastic bag for food off the coast of Florida, U.S.A. © Ben J. Hicks/benjhicks.com
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SCALE OF THE MENACE

n 2009, Dr. Nicholas Mrosovsky, an iconic sea turtle specialist, declared that a new menace to sea
turtles had arisen: plastic pollution. Yet, despite a growing number of studies citing the negative
interactions between marine turtles and ocean plastics and the abundant media coverage of dead
or suffering turtles and their polluted habitats, the big picture effects of such plastic pollution on marine
turtles remain largely unknown. Is plastic truly a menace to turtle populations, or has it been overhyped?

We conducted a global review of published studies relating to
plastics and their effects on sea turtles over the past half century
(published in Endangered Species Research 43: 234-52) in which we
show that such effects (typically from ingestion or entanglement) have
yet to be adequately assessed. At the time of our review, only seven
studies had considered the effects of plastic pollution on marine turtle
populations; five studies needed more data to draw definitive
conclusions, two lacked evidence showing any effects, and none of the
seven were able to definitively link plastics with sea turtle declines or
even with reductions in growth at the population scale. The findings
stand in stark contrast to myriad studies that document the negative
effects that ocean plastic pollution imparts on individual animals,
from drowning to starvation, gastrointestinal damage, malnutrition,
physical injury, reduced mobility, and physiological stress.

Critical questions were left unanswered in our review. We know
that plastic kills marine turtles, but does it kill enough turtles to cause
population declines or to impede population growth? As marine
habitats face increasing amounts of plastic pollution over time,
population-level impacts may increase and become easier to detect,
but only if researchers exert meaningful efforts toward measuring
those impacts. That said, no amount of study will be able to detect all
possible population-level effects from plastic pollution given the
challenging nature of such broad-scale monitoring; underreporting is
to be expected. This challenge to threats assessment in the oceans is
not uncommon. For example, fisheries bycatch is generally

underreported in fleets operating without extensive observer coverage.

UNDERSTANDING THE MENACE

Notwithstanding the challenges, it is crucial that researchers,

managers, and communicators understand plastic pollution in a

population-level context so that they can more effectively prioritize

the limited conservation resources that address competing threats.

The following research priorities will help improve researchers’

understanding of how plastic affects marine turtles:

¢ Engage in controlled studies. Controlled studies, in the wild
and in the laboratory, can improve researchers’ understanding of
how plastic ingestion and entanglement affect marine turtles,
though such studies in the lab would require great attention to
animal welfare concerns. Such studies could control the amounts
and types of plastic ingested, including chemical-laden plastic,
while tracking weathering, dosage, and other components of
ocean plastics. Researchers can concurrently track changes in
feeding, weight, growth rates, and other behaviors of turtles with
regard to plastic interactions.

¢ Report both positive and negative results. Researchers
should report not only when plastic is present in marine turtles
(positive results) but also when it is not (negative results).

Presenting only the former can result in gross overestimations.

¢ Standardize plastic collection techniques. Differences in
plastic collection techniques from dead (e.g., necropsy) or live
(e.g., esophagus lavage or feces) animals can make it difficult to
draw meaningful comparisons within and among studies. For
example, a turtle that is found dead (e.g., stranded) with plastic
in its stomach may have been sick and not feeding normally due
to its compromised health, potentially contributing to its having
consumed plastic.

e Study sublethal effects. It is important to better understand
how sublethal effects (those that do not immediately kill) may
influence the health, reproduction, and survival of marine turtles.
For example, studies are needed to learn more about how the drag
from entanglement in plastic influences turtles’ ability to swim or
how plastic in the stomach of a turtle affects its growth. A handful
of exemplar studies have suggested tracking animals after they
have interacted with plastic so researchers can understand survival
probability, growth rates, reproductive output, and health status
for individual animals. With advances in tagging technology, it
will become easier to assess how sublethal effects may influence
marine turtle health, survival, and reproduction.

¢ Model the turtle exposure to plastic pollution. It is essen-
tial to understand how many turtles interact with plastic.
Modeling the level of exposure to plastic pollution could repre-
sent the spatiotemporal overlap between plastic pollution and
marine turtle distributions. As the effects on individuals become
known, this modeling could be scaled up to help us better under-

stand such effects at population levels.

MENACE, HYPE, AND OPPORTUNITY

Is plastic truly a menace to marine turtles, or has it been overhyped?
Without question, plastic causes pain and suffering in marine turtles
and is clearly a serious animal welfare issue, making it a menace to
individual marine turtles. However, scientific evidence to suggest
broad-scale effects on marine turtle populations is still lacking, in
contrast to other well-known threats facing marine turtles.

The powerful visual imagery of plastic pollution that is widely
circulated by the media elicits visceral emotional responses in people,
representing an enormous opportunity to connect more people to
ocean conservation and broader sustainability issues. Yet such stories,
though well-intentioned, may be inadvertently misleading. In a 2002
editorial in the Marine Turtle Newsletter, Mrosovsky wrote, “Perhaps
worse are the insidious consequences of enveloping conservation biology
in exaggeration and unsubstantiated assertions.... Hype perniciously
downgrades precisely what one should wish to encourage in scientists:
an overriding respect for the truth.” It is thus incumbent upon the
marine turtle community to do a better job assessing and communi-
cating the effects of this emerging threat. We think Mrosovsky would

agree, the possible menace of plastic notwithstanding. e
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MANAGING
THE WORLD’S LARGEST

GREEN TURTLE ROOKERY

By Owen Coffee, Katharine Robertson, Mark Read, Andrew Dunstan, Scott Smithers, David Booth, Mark Hamann,

Colin J. Limpus, Tina Alderson, the Wuthathi People, and the Meriam Nation People
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n the remote outer edge of Australia’s northern Great Barrier Reef (GBR) lies Raine Island, a

27-hectare (67-acre) vegetated coral cay that hosts what is arguably the world’s largest green

turtle nesting population. Up to 20,000 densely packed females have been recorded coming
ashore nightly. Declining reproductive success has been reported there for decades, signaling the
possibility of impending rookery collapse. To stem this loss, the Raine Island Recovery Project (RIRP)
was launched in 2015. The RIRP is a five-year collaboration between the Queensland government,
BHP (a global resources company), the GBR Marine Park Authority, the GBR Foundation, and the
Wuthathi and Meriam Nation (Ugar, Mer, and Erub) Traditional Owners. Over thousands of years, the
Traditional Owners have held enduring links to Raine Island. They use its resources and hold cultural
connections to the land and sea through song lines, stories, and voyages to the island.

The RIRP studied three key issues as possible contributors to
rookery loss at Raine Island: (1) tidal inundation of the nesting beach,
(2) mortality of nesting females (from multiple causes), and (3) influ-
ences of nest density (e.g., either nests being so close to one another
that they adversely affect embryonic development, or the destruction
of older nests by later nesting females). The RIRP developed innova-
tive monitoring and adaptive management for each of those issues
through research about nests, island geomorphology, turtle migra-

tion, and inter-nesting behavior.

REDUCING NESTING TURTLE
MORTALITY

One of the first management actions of the RIRP was to complete the
installation of 1.75 kilometers (1.08 miles) of cliff-top fencing around
parts of Raine Island’s raised central phosphate cliff to block access
and thereby reduce cliff-fall turtle mortalities and entrapments under
the cliff line. Earlier studies had shown that such factors caused
roughly one-third of Raine Island’s nesting turtle mortality. Because
of this intervention, turtle mortalities from cliff falls over the life of
the project were reduced from 30 percent to 5 percent.

Nesting turtles that remain on the nesting beach after sunrise
because of exhaustion or disorientation may perish from heat stress. A
rescue program was instigated to ensure that as many turtles as
possible were returned to the water before sunrise by a team equipped
to free animals from virtually any form of entrapment and to transport
them safely by vehicle to the water’s edge. The lives of neatly 700

female greens were saved in this fashion.

IMPROVING NEST SUCCESS

The most significant intervention at Raine Island thus far has been
beach reprofiling to raise the level of the nesting environment so that
the beach and natural clutch depth are both above the peak tidal
water table. Heavy equipment was used to move sand in 2014, 2017,
and 2019. All told, the effort shifted roughly 40,000 cubic meters
(43,744 cubic yards) of material on 35,000 square meters (38,276
square yards) of beach, effectively doubling the island’s viable nesting
habitat (about 21 percent of the nesting habitat remains at risk of
inundation). Each of the alterations has been associated with increased

incubation success and hatchling emergence when compared with

AT LEFT: Hundreds of green turtles can still be seen nesting into the early morning on
Raine Island. © Queensland Government

control sectors. An estimated 4.6 million more hatchlings will be

produced on Raine Island over the next 10 years because of this

important beach reprofiling effort.

These management actions were informed by a series of innovative
research projects that sought to increase RIRP’s understanding of this
remarkable cay. These projects studied the following:

*  The composition, accretion, and future projections of the cay’s
sandy nesting habitat through fine-scale geomorphology and
sea-current modeling

e 'The nesting, inter-nesting and migratory behaviors of nesting
turtles by using satellite telemetry

*  'The use of drone technology to monitor the population

*  'The characteristics of nesting environments that may contribute

to reduced hatchling emergence and nesting success

ONGOING AND FUTURE
CHALLENGES

Despite the partial successes of such intervention efforts, new and
enduring issues continue to threaten the nesting turtles of Raine
Island, and much work remains to be done to improve the long-term
prospects for the island’s green turtles. Recent research on
temperature-dependent sex determination estimates that more than
90 percent of all hatchlings emerging on Raine Island are female.
Given that it is the largest nesting aggregation of the 60 or so nesting
beaches for the northern GBR turtle genetic stock, it is believed this
population of green turtles may be heading toward a potentially
dangerous feminization. Moreover, although RIRP observed
increases in hatching and nesting success on Raine Island’s reprofiled
habitats, those seasonal figures remain highly variable and frequently
fall below the average of other rookeries in the stock. The fluctuations
indicate that there may be other factors contributing to the decline in
the reproductive success of this rookery; such factors warrant
continued investigation.

Finally, and most pressing as Earth’s global climate changes,
low-lying turtle rookeries such as the one on Raine Island fall under
greater than average threat from rising sea levels and more frequent
extreme weather events. Turtle preservation efforts must now consider
whether those islands or their turtle populations have the capacity to
adapt to the changes, which are likely to occur within one or two
marine turtle generations. If not, what new interventions or strategies
will be needed to safeguard the islands and their nesting populations

against an uncertain future? o
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WHAT MAKES A SEA TURTLE

a Sea Turtle?

By Blair P. Bentley, Peter H. Dutton, and Lisa M. Komoroske

eep within the cells of sea turtles are signals of their

evolutionary past, indications of their ability to adapt to

changing environments, and fundamental building
blocks that make them what they are. The DNA that composes
the genetic blueprint for making a sea turtle is called its
genome. Until recently, scientists had been able to gain only
glimpses of important aspects of sea turtle biology from small
pieces of DNA, leaving much still unknown in humans’ deeper
understanding of those animals.

But genetic science has advanced at a lightning pace; new and emerging technologies
now allow the rapid and affordable sequencing of entire genomes. The first draft human
genome cost an estimated US$300 million and took more than a decade to complete.
Today, you can swab your cheek, have your genome sequenced for less than US$1,000,
and see the results in a few days! Although trickier for wild organisms, collaborative
efforts to sequence the world’s biodiversity are making amazing strides. The Vertebrate
Genome Project (VGP) is one such effort; it aims to create near error-free genomes for

approximately 70,000 wild animal species. VGP’s reference genomes for the leatherback

and green sea turtles were completed in 2020, with downstream analyses now underway.

HOW DO YOU MAKE A GENOME?

A key feature of today’s genetic technology is the ability to sequence very large stretches

of DNA (100,000+ long nucleotide segments). Sea turtle genomes have around
2.1 billion base pairs to assemble, so piecing those complex genome puzzles together is
still a laborious and expensive task. It requires the collaboration of field biologists and
veterinarians to collect the samples, of laboratory molecular scientists to extract and
sequence the DNA, and of data analysts (bioinformaticians) to put all the pieces together.

Genome construction starts with an extremely high-quality tissue sample—one in

which the DNA is intact in very large segments; thus, acquiring such a sample for an
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IT TAKES A VILLAGE
TO MAKE A GENOME

Many people and organizations
have contributed to the sea turtle
genome effort. Thanks to project
co-leader Camila Mazzoni, as

well as to collaborators Yaron
Tikochinski, Gene Myers, and Erich
Jarvis and the VGP Consortium.
Tissue collection was facilitated

by the NOAA-SWFSC California
in-water leatherback team (espe-
cially Scott Benson and Heather
Harris), the NOAA PIFSC-MTBAP
team and Thierry Work, the Israel
Nature Park Authority, the New
England Aquarium, and the St.
Croix Leatherback Project at Sandy
Point National Wildlife Refuge
(especially Kelly Stewart, Claudia
Lombard, Shreya Banerjee, and
Justin Perrault). Funding was
provided by the National Science
Foundation, the NOAA, the
University of Massachusetts, the
VGP, and the individual donors.
The authors and their partners also
wish to acknowledge the contribu-
tion of Alan Bolten, whose recent
passing is an immeasurable loss for
the global sea turtle community.
We hope to honor him by sharing
the genomes with the world.



endangered species in the wild is no small feat. Tissues must be
collected under challenging field conditions and without causing any
negative effects to living animals. For the leatherback genome refer-
enced herein, blood was collected from a male turtle sampled as part
of the National Oceanic and Atmospheric Administration (NOAA)
in-water research efforts in Monterey Bay, California. To fully anno-
tate the genome, RNA from key organs was also needed. Such tissues
are even more sensitive to degradation; because they cannot ethically
be taken from live turtles, RNA was obtained from recently deceased
animals at the St. Croix Leatherback Project at the Sandy Point
National Wildlife Refuge in the U.S. Virgin Islands and at the New
England Aquarium in Boston. The figure below shows how the
work of molecular scientists and bioinformaticians complete the
process of genome definition once high-quality DNA samples have
been collected in the field.

WHAT CAN WE LEARN FROM SEA
TURTLE GENOMES?

The new whole genomes provide mountains of information about
leatherback and green turtles and can help scientists understand how
(and which) genes help to fight diseases, to facilitate temperature-
dependent sex determination, or to assist turtles as they navigate
across entire oceans. Genomes can also help scientists to track the
history of the species over millennia, to map past population expan-

sions and contractions, and to monitor genetic erosion (a loss of
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genetic diversity that occurs when a species’ population declines).
Knowing the latter can help scientists to determine how vulnerable a
species may be to climate change, disease, and other threats; how
much inbreeding is occurring; and whether deleterious genes that can
affect survival rates of the species may have accumulated over time.
These new, high-quality genomes will allow for the comparison
of multiple sea turtle species and will help scientists to understand
what differentiates them. The genomes will also provide future studies
with an immensely useful reference that can allow investigation into
population comparisons within a given species; such investigations
could be of enormous benefit to conservation efforts worldwide.
Modern leatherbacks have unique characteristics accumulated
over the ~75 million years of evolution since they diverged from the
other sea turtles. They lack the hard carapace typically associated with
green turtles and their cousins. They are also able to dive to great
depths, migrate vast distances, and tolerate much colder conditions
than can other turtle species. All of the genetic code that makes such
behaviors possible is now in the hands of genetic scientists! By
comparing the new leatherback and green turtle genomes with other
freshwater turtle genomes, it is now possible for scientists to delineate
the genes associated with adaptations to salt water, thereby getting to

the heart of what makes a sea turtle a sea turtle. o

BELOW: Conceptual overview of how sea turtle genomes are created.

AT LEFT: A leatherback hatchling crawls to sea on Grande Riviere Beach, Trinidad.
© Ben J. Hicks/benjhicks.com

GENOME ANNOTATION
fSAMPLE \

COLLECTION  Organs that express the highest diversity

g of genes are needed, so samples are

opportunistically collected from freshly

dead turtles.
fRNA ¢ \

EXTRACTION RNA degrades very quickly, so molecular
- biologists need to carefully extract the intact
° single strands of RNA before they disappear.
0

. y,

(" rNa Q/ )

SEQUENCING Any genes that are active in the tissue

are sequenced using technologies that
overlap short and large fragments to piece
k = them together.

fGENE w

ALIGNMENT & Bioinformaticians align the gene regions to the
ANNOTATION assembled genome and use models to predict

the coding regions of the DNA. Once aligned,
\ —

J

the genes are queried against databases of
known functions to determine what their role 15)

N4

(@ Finally, the genomes are deposited into public online databases so that scientists all over the world can use them for fundamental and applied research.)
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he majesty, beauty, and fragility of the world's oceans and coasts is

uniquely brought to life on the printed page through the images and

stories of National Geographic photographer Thomas Peschak.
Educated in South Africa as a marine biologist, he fully embraced photography
once he realized that his creative work could have greater conservation impact
than hisscientificresearch. His TED Talk, “Dive into an Ocean Photographer’s
World” has been viewed more than 1 million times, and his @thomaspeschak
Instagram account has 1.2 million followers. As a National Geographic
explorer and fellow, and the director of storytelling for the Save Our Seas
Foundation, Thomas now merges science with photojournalism to tackle
critical ocean conservation issues around the world.

In his forthcoming book, Wild Seas, Thomas shares more than 200
remarkable ocean images—and the stories behind them—from close
encounters with Galdpagos sharks, to surfing seals, dancing albatrosses, and,
of course, sea turtles. The book charts his transformation from a marine
biologist to full-time conservation advocate, who—armed with little more
than a mask, fins, and a camera—offers an impassioned case for revering
and preserving the world’s oceans. Through vivid photographs of the ocean’s
splendor and vulnerability, Thomas’s provocative book presents a compelling
case for change.

Readers of SWOT Report are familiar with Thomas’s unique sea turtle
shots, which have been featured in our pages over several years, including
the iconic cover of SWOT Report, vol. V. Many more of Thomas’s artful
images illustrated a once-in-a-generation feature article on sea turtles that
appeared in National Geographic Magazine’s October 2019 issue. Titled
“Sea Turtles are Surviving—Despite Us,” the article was written by Craig
Welch. For nearly two years leading up to its publication, Thomas traveled
to the remote ocean corners of Earth to capture the article’s photographs,
garnering what we think are extraordinarily striking and unusual
photographs of sea turtles, their habitats, and the humans who interact with
them, plus stories to accompany them. In the pages that follow, and scattered
throughout this volume of SWOT Report, are our favorite Thomas Peschak
sea turtle images, accompanied by his words describing the inspiration,

emotions, and techniques used to capture them. o
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PREVIOUS SPREAD:
Farmer’s Cay, Bahamas —
Before this shoot, my
perception of green turtles
was of a regal, elegant, and
serene species, but here

| witnessed a totally different
reality. When green turtles are
this numerous and there is
fresh food to compete for, the
facade of serenity falls away,
and surprisingly assertive
predators are revealed. It
was astounding to see the
speed and agility with which
the turtles darted around
snapped up conch fishing
discards. | wanted to capture
this frenetic chaos, so | waited
until dusk, and reduced my
shutter speed to translate the
kinetic energy of the scene
into blurs of motion.

9

Dubai, UAE — Because hawks-
bills are critically endangered,
each individual is vital to the
population, which is why

the rescue and rehabilitation
center in Dubai is so important.
Cold-stunned animals that
strand on the beach are
transported to one of the
world’s most luxurious hotels,
where they are nursed back

to health. Later they are
released right in front of the
Burj Al Arab hotel, one of the
most iconic buildings in the
world. By combining an endan-
gered animal with a famous
landmark, this rare photograph
depicts an unusual and
contrasting juxtaposition of

an ancient animal with the
ultra-modern human footprint.
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Farmer’s Cay, Bahamas —
Jeremy Jackson’s paper
“Reefs Since Columbus”
references a description
from one of Christopher
Columbus’s voyages in the
Caribbean in which green
turtles were so numerous
that his crew could walk

to shore on their backs.

| wanted to pay homage to
this historical datum about
Caribbean greens by
re-creating a modern visual
of that description. While
researching locations,

| discovered a fledgling
ecotourism project where
green turtles flock to docks
where conch fishermen
clean and discard bits of
their catch. | was not
disappointed—there was
a swarm of green turtles
around the docks, and as

| lined up my shots from
the water, it wasn’t difficult
to imagine what the
Caribbean may have
looked like in the 1400s.

SEATURTLESTATUS.ORG | 19
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Crab Island, Australia — | became obsessed with documenting flatbacks
on this rarely photographed, remote, prehistoric island. Upon arriving,

| quickly learned why so few photos of the place exist. The landscape

is harsh—the sand flies, which swarm you in brutal heat of the day, are
replaced by mosquitos at sunset. And although escaping the buggy
heat for a dip in the ocean is tempting, the insects are preferable to the
saltwater crocodiles that swarm the island during sea turtle nesting
season. Early on, | decided | wanted to include these dead, ghostly trees
in my photo, but it took nearly the entire two weeks for a turtle to nest
there. While shooting long exposures in pitch darkness was concerning,
it was also exhilarating to know that crocs were watching me and that

| was sharing the beach with two ancient reptiles. | will forever be grateful
to the indigenous rangers of the Apudthama Land Trust for keeping me
safe while camping on the island.




™

Kei Islands, Indonesia — | wanted to capture what
could be perceived as a gory and sad event, but

in a way that didn’t lead my audience toward any
unfair conclusions. Thus, | chose to tell this story
with artful subtlety instead, emphasizing the intricate
relationship between the hunter and the turtle.

A brutal scene played out above the surface, but
underwater | was struck by the intimacy of the
synchronized movements of the leatherback and

its captor, blood delicately leaking from the harpoon
wound in its carapace. This hunt, which was once
sustainable, forces us to think about the thin line
between preserving cultural rituals and finding
sustainable alternatives.

SEATURTLESTATUS.ORG
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Arnhem Land, Australia —
| had not set out to photograph
indigenous rock art in Australia,

but when | picked up a tourist
book from the 1980s and the
page opened to an old photo of
sea turtle cave paintings, | was
captivated. Finding the location
was not so simple, however. After
many wild goose chases through
the bush, an anthropologist
connected us with an aboriginal
community in Northern Australia.
Aboriginal elders Ida Mamarika
and her husband Christopher
Maminyama led us to a remote
cave whose walls and ceilings
were covered in marine-themed
frescoes. After talking with them
at length about their connection
to sea turtles, | abandoned my
original plan of photographing
just the art and instead made this
image to celebrate the story that
became as much about

the people as the paintings.
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By Kartik Shanker, Alberto Abreu-Grobois, Vanessa Bezy, Raquel Brisefio, Liliana Colman, Alexandre Girard,
Marc Girondot, Michael Jensen, Muralidharan Manoharakrishnan, Juan M. Rguez-Baron, Roldan A. Valverde,
and Lindsey West

With contributions from Ernesto Albavera, Randall Arauz, Luis Fonseca, Nupur Kale, Tere Luna, Carlos Mario

Orrego Vasquez, Erika Peralta, Ashwini Petchiappan, Wilfredo Poveda, Chandana Pusapati, Chetan Rao,
César Reyes, Daniela Rojas, Laura Sarti, and Adhith Swaminathan

EVOLUTIONARY HISTORY

he ridley turtles have interesting origins. Approximately 3 million to 5 million years

ago, the formation of the Isthmus of Panama separated the Atlantic and Pacific
Oceans and drove marine populations on either side onto separate evolutionary paths.
This profound transformation shaped the phylogeography of many marine species,
including sea turtles. The role of the isthmus in separating Kemp’s and olive ridleys was
first hypothesized by the late Peter Pritchard in the 1960s and was later confirmed by
genetic studies.
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Molecular studies of specific mitochondrial DNA sequences of
olive ridleys show two main genetic clusters. One of these clusters,
which comprises a particular sequence called “K” and others closely
related to it, is found in olive ridleys in India and Sri Lanka. Because of
the similarity of the DNA sequence with Kemp’s ridleys, this is thought
to be the ancestral type. The other cluster has a sequence called “J” and,
with its relatives, and is found in olive ridleys throughout the Indian
and western Pacific Ocean basins, as well as in the eastern Pacific and
Atlantic Oceans. Olive ridleys sharing this sequence are therefore likely
to have served as the evolutionary sources for their current populations
in the Pacific and Atlantic Oceans.

The climatic stability of the Indian Ocean during the original
split might explain why it is the probable source of global olive ridley
populations. Ancestral olive ridleys may have dispersed there from the
East Pacific and persisted because of favorable environmental condi-
tions. Another possibility is that warm climates facilitated the survival
of an ancestral ridley population in the Indian and North Atlantic
Oceans, from which the two species that we know have evolved.
Either way, the Pacific and Atlantic Oceans have probably been colo-
nized many times over by olive ridleys, with the most recent event
being just 100,000 years ago.

Thus far, only a tiny portion of the ridley turtles’ fascinating
genealogical history has been revealed, and new techniques will
improve our understanding of the evolutionary history of this and

other sea turtle species and populations.

GLOBAL DISTRIBUTION
AND TRENDS

Olive ridleys are the most ubiquitous and abundant of the world’s
seven sea turtle species. Solitary nesting beaches can be found
throughout the tropics on all continents and in most island groups.
Beaches that each host hundreds to thousands of nests per year can be
found throughout the Pacific coasts of Mexico and Central America,
the Atlantic and Pacific coasts of South America, the west coast of
Africa, all of South Asia, and parts of Southeast Asia.

However, a handful of mass nesting (arribada) beaches account
for the largest numbers of nesting females. The term arribada has been
used to refer both to a physical place (a nesting beach and nearshore
waters) and to the synchronous nesting behavior of a large number of
ridleys (more than 1,000 females) over just a few days (see p. 29). Olive
ridley arribada sites are restricted mainly to Pacific Mexico and Central
America, and to India’s east coast. Today there are 5 major sites (greater
than 100,000 nests per year) and 8—10 minor sites (10,000-100,000
nests per year) globally. Many beaches in those regions, but also in
Suriname and French Guiana, have (or had) mini arribadas with a few
hundred or up to 1,000 nests on some nights. (See the map on p. 29 for
trends and relative abundance at the sites.)

The largest arribada sites on Earth have historically been in
Mexico, with the largest occurring on Playa Escobilla. Beginning in
the 1960s and continuing for three decades, tens of thousands of
AT LEFT: A local resident watches an arribada nester at the Rushikulya rookery in
Odisha, India. © Arghya Adhikary; PREVIOUS SPREAD: Ostional, Costa Rica — To an
untrained eye, this may look like a shot taken from the beach of hundreds of sea turtle
hatchlings. In fact, it was taken from hundreds of feet in the air. A drone, coupled with

a slow shutter speed, provided a unique and different perspective of what is a well-
documented and often-photographed event. © Thomas P. Peschak

-> SEE MORE PHOTOS AND STORIES FROM TOM ON PAGES 14-23.

turtles were killed annually in Mexico to provide olive ridley hides to a
burgeoning international trade, which used the hides as a substitute for
scarce crocodile leather. Following a global outcry over the declining
abundance of turtles and the collapse of arribadas at Mismaloya,
Tlacoyunque, and Chacahua, the infamous turtle slaughterhouse at
San Agustinillo was shut down in the 1980s. A permanent ban on sea
turtle exploitation in Mexico was established in 1990. Nesting at Playa
Escobilla subsequently increased fivefold, from approximately 200,000
nests per year in the 1990s to more than 1 million by the year 2000;
this number is currently stable with about nine arribada events per
year. The nearby beach at Morro Ayuta also hosts more than 1 million
nests each year (see the map on pp. 32-33).

In Central America, arribadas are known to occur in three coun-
tries. Of the three, Panama has the lowest abundance, while Nicaragua
has large aggregations at La Flor and Chacocente. Costa Rica has
regular arribadas at Ostional and Nancite, and it is witnessing the
origins of two new arribada rookeries at Corozalito and Camaronal.
The arribada at Nancite is a curious case. This location is a small beach
that lies within Santa Rosa National Park, so the arribada is essentially
free from the anthropogenic threats that typically affect turtles—yet
there has been a 90 percent collapse in nesting abundance there since
the early 1970s. Large numbers of turtles nesting atop one another at
this tiny beach likely led to high numbers of broken eggs and a signif-
icant microbial load on the entire beach. A decrease in oxygen because
of microbial activity can suffocate developing embryos and result in
low hatching success. The resulting low recruitment to the population
over the course of many years may have caused the collapse at Nancite.

In India, the major mass nesting beaches are in Odisha on the
east coast. Unlike in the Americas, one or two major arribadas occur
there in most years, typically during the dry season between February
and April. Mass nesting was first reported at Gahirmatha in 1974. The
beaches in this region are sand bars that erode and accrete over time;
they have undergone dramatic changes in the past few decades. With
the advent of mechanization in the 1970s, tens of thousands of
ridleys were caught in Odisha and shipped by road and rail to Kolkata,
where the meat was widely consumed. Concerns expressed by
international and local conservationists led to the implementation of
wildlife laws with support from then Prime Minister Indira Gandhi,
ending this practice.

Further south, mass nesting was reported at the Devi River
mouth in the 1980s, but no arribadas have been reported there since
1997. Rushikulya, the southernmost of Odisha’s mass nesting sites,
has remained relatively stable topographically over the past 20 years.
Nesting there increased from between 25,000 and 50,000 nests in the
2000s to more than 200,000 nests in a single arribada in the 2010s.

Trends in the locations and sizes of arribada rookeries are highly
dynamic. For example, nesting at Ixtapilla, Mexico, began in the late
1990s; by 2009 this arribada had increased to more than 200,000
nests per year. In Costa Rica, at the two new arribada beaches
(Corozalito and Camaronal), nesting has increased from approximately
1,000 nests per year in 2008 to more than 47,000 in 2019. In India’s
Andaman archipelago, a new rookery appeared in the early 2010s and
now hosts 5,000 to 10,000 nests per year.

Although sea turtle biologists initially believed that the
disappearance of arribadas was entirely human induced, there may be
more influences at play. Given the ephemeral nature of beaches, the

vast fluctuations in numbers of nests over short periods, and the
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negative impact on hatching rates from the buildup of organic matter
resulting from broken eggs, perhaps arribada rookeries blink on and
off depending on conditions, as has been suggested for Nancite. Most
arribada nesters, as well as solitary turtles, appear to prefer beaches
near river mouths. Because seasonal flooding “cleans” those beaches of
organic buildup, they may be the most optimal nesting sites, thus
enabling long-term resilience of turtle populations. However, the
dynamic nature of the beaches may also cause fluctuations in the
presence and size of arribadas. Precisely how and why arribadas are

born, expand, and contract remains a mystery.

MIGRATIONS

Sea turtles are migratory, and they spend most of their time engaged
in some sort of movement—either for breeding or for foraging. Olive
ridleys exhibit a great deal of behavioral plasticity in this regard; they
can be nomadic oceanic migrants feeding on surface fauna, or they
may stick to the coast while feeding on shallow-water invertebrates.

Satellite tracking studies in recent years have shed much light on
the movements of olive ridleys. A diversity of patterns can be seen
even within the same population. Post-nesting olive ridleys that were
tracked from their nesting grounds in Sergipe, Northeast Brazil,
moved north and south along the continental shelf, but also east into
oceanic waters toward West Africa. In the Pacific, although some
males were tracked from Sinaloa, Mexico, and remained close to
breeding zones, some females swam directly up the coast to rich
foraging grounds off Baja California Sur; still others stayed close
inshore or meandered in oceanic gyres.

In India, some post-nesting females migrated to the coast of Sri
Lanka and the Gulf of Mannar, while others followed gyres in the Bay
of Bengal. In contrast, some long-term data sets show olive ridleys
widely distributed in pelagic zones, with no evidence of migration
corridors at all. Australian ridleys seem to remain mainly in nearshore
areas after nesting, and the same behavior has been recorded for
rookeries in French Guiana and Oman.

Distinct migration patterns may reflect different reproductive or
foraging strategies among individuals. Forensic analyses of stable
isotopes of carbon and nitrogen have been used to draw further
inferences about migratory patterns and connectivity of individual
turtles. For olive ridleys, those studies have confirmed what was found
by satellite tracking studies: the turtles use both nearshore and oceanic
habitats, with high individual variability.

The variety of migratory behaviors in this species across the world
is remarkable. The nomadic behavior of many olive ridleys does not
mean they lack navigation abilities; rather it represents a successful
mode of opportunistic searching for prey, which is patchily distributed.
Such flexibility could be a strategy to cope with unpredictable changes
in highly dynamic environments, suggesting that olive ridleys might
prove to be resilient to threats such as climate change. This flexibility
may also help to explain why olive ridleys are the most abundant of all

sea turtles.

CULTURAL SIGNIFICANCE

Historically, olive ridleys have had great commercial value, and they
have been harvested for their meat, oil, and eggs across much of their

range. But they also figure prominently in a variety of traditional
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cultures because they have held salient roles in diet, materials,
medicine, religious beliefs, and spiritual values.

In much of Central America, turtle eggs are still believed to
possess sexual enhancement powers and are sold as snacks in bars,
where they are prized as a side dish to accompany a shot of rum or
aguardiente. Although this belief may have no basis in fact, it
nonetheless fuels an enormous legal and illegal trade in turtle eggs—
mostly those of the olive ridley, given its relative abundance. This
claim is just one of the countless and widespread cultural beliefs
prevalent in coastal Latin America that presume sea turtle parts have
aphrodisiac or sexual enhancement properties.

In parts of Guyana, the leatherback turtle is believed to be the
“Mother of All Turtles,” and it is said that “if her blood is spilled, then
the beach will wash away.” Those communities favor olive ridleys over
leatherbacks as food. In French Guiana, Kali’na Amerindian coastal
communities ate mostly olive ridley eggs during the 1980s and 1990s,
but this consumption shifted to leatherback eggs around 2010, the
reasons for which are not known.

In much of India, turtles are believed to be an incarnation of the
god Vishnu and are therefore not killed or consumed. Indeed, there is
a temple for Kurma (the turtle avatar) at Srikurmam, just south of
Rushikulya. However, turtle eggs were widely consumed as food and
for various purported medicinal properties along much of the
country’s coast until the implementation of wildlife laws and
conservation programs. In Gahirmatha, turtle eggs were dried and
used as cattle feed until the 1970s.

Harvest of olive ridley adults and eggs also occurs in Australia’s
Northern Territory. As traditional owners of local land and sea estates,
the indigenous groups are at the forefront of olive ridley conservation
and management, particularly concerning threats from ghost fishing
gear. Aboriginal (Yolngu) rangers have identified ghost fishing gear
hotspots, from which they remove debris and release entangled turtles.

In southwest Madagascar, the indigenous Vezo people have a
long history of traditions that are associated with sea turtles and that
involve offerings to ancestors as well as ceremonies and rituals for
preparing and eating turtle meat. Although olive ridleys are rarer than
greens there, they are included in Vezo spiritual practices. Indigenous
groups in the Andaman and Nicobar Islands have similar spiritual
relationships with sea turtles, which form an important part of their
food traditions and culture.

Olive ridleys are highly valued for their medicinal qualities by the
Waytu people of the Guajira Peninsula in Venezuela and Colombia.
Sea turtles are considered gifts from the ancestral God Maleiwa; olive
ridleys are believed to be a kind of rare green turtle and their parts are
used to treat various conditions, including hypertension, diabetes,
rheumatism, and menstrual disorders. Those traditions are passed on
orally through stories told by healers and play a vital role in preserving
the cultural identity of the Waytu.

Although olive ridleys have been used by many cultures for food,
materials, and medicine, their relationship with some ethnic groups in
Ghana is entirely different and is based instead on a system of
traditional social taboos. The Dangme people of Ada believe that a
turtle once saved their ancestors’ lives during a war with the Ashante;
hence, all turtles are sacred to them and are off limits for hunting.
Olive ridley turtles are now protected across most of their global
range, although various uses remain an essential cultural practice in

some countries.



THE ARRIBADA

Derived from the Spanish word for arrival, arribada refers to the phenomenon of synchronized nesting of thousands of ridley
turtles, one of nature’s most impressive and mysterious wildlife spectacles.

Prior to an arribada, thousands of female turtles aggregate in front of the beach before hauling out at once to lay their eggs.
Studies have examined the cues that may elicit emergence, ranging from oceanographic and atmospheric features, lunar phases,
and possibly even pheromones or other agents released by the gravid females. As yet, however, there are no definitive answers.
No matter how it is triggered, the consequence is a dramatic onset of synchronous nesting by thousands of ridleys depositing
millions of eggs over a few nights, followed by a rapid tailing off. At any given site, this phenomenon may repeat several times
each year.

Arribada behavior likely evolved as an antipredator strategy. As the smallest of all sea turtles, ridleys lay relatively shallow
nests, which tend to be susceptible to depredation. Indeed, on many solitary nesting beaches, more than 80 percent of nests
are taken by predators. An arribada ensures predator glut, as mammals, birds, crustaceans, fish, and others are unable to
consume more than a fraction of the brief surfeit of prey in the form of adults and eggs, and—roughly seven weeks later—
hatchlings. Thus, the population’s chance of survival is increased.

This survival advantage has a price, because hatching rates at arribada beaches may be significantly lower than at solitary
nesting beaches. Though there are trade-offs, the strategy seems to have worked well for the olive ridley, the world’s most
abundant sea turtle species.

- i
iStatus of Olive Ridley,
Arribada Populations

total clutches
(most recently available year)

=1,000,000
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India ._ i trend or status

Costa Ricaand | Panama L2 |
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This map shows the locations and trends or statuses of arribada nesting populations. Trends were calculated using data from the past 10 years. If data
from the past 10 years were not available, the status of the population was categorized as “unknown” and is represented by a gray dot. Increasing
trends are represented by yellow dots, stable trends by purple dots, and populations that historically nested in arribada events but no longer do are
categorized as “historical” and are represented by a blue dot. Dots are scaled to their relative nesting abundance, the values for which were calculated
from the average number of clutches for the years available. Data and sources are listed starting on p. 52 under their respective beach names with
the exception of Playén de Mismaloya, which is a combination of four nesting beaches (Mismaloya—seccion El Playén, La Gloria, Playa Majahuas,

and Chalacatepec).
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Olive ridley turtles mate off the coast of the Osa Peninsula in Costa Rica. © Philip Hamilton Photography

GLOBAL STATUS, THREATS,
AND CONSERVATION

The abundance of olive ridleys was once believed to be so great that
they were immune to overexploitation. This belief was hardly true. In
fact, the large scale of industrial extraction from the 1960s to the
1980s brought such alarming crashes in many rookeries, particularly
in Mexico, that the species rose to the category of Endangered on the
IUCN Red List of Threatened Species.

Evaluating a species’ risk of extinction is complex and requires
knowledge of global trends over generational time frames. In the case
of olive ridleys, however, it is changes in their massive arribada
populations that drive global status. Although monitoring arribada
sizes has proven to be highly challenging, local programs now provide
reliable data for status evaluation. Decades of conservation effort from
nesting beach protection, together with policies banning sea turtle
commerce and direct capture on land and at sea, have led to very
encouraging results from current trend data. Overall trends in most
arribada rookeries are positive or stable over the past two decades (see

the map on p. 29).
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Nonetheless, causes for concern remain, including the following:
low hatching success at some arribada sites; decreased survival of all
age classes due to plastic ingestion; climate change; and, above all,
fisheries impacts. The overlap of olive ridley at-sea distribution with
fisheries makes this species particularly vulnerable to entanglement in
fishing gear. Although bans on trawl fishing and strict enforcement of
the use of Turtle Excluder Devices in some areas have decreased this
pressure, fisheries remain the primary threat to ridleys worldwide.
Large-scale mortality (approximately 10,000 turtles per year) in trawl
fisheries still occurs in India’s Odisha state and elsewhere in the world
where enforcement is lax.

Olive ridley behavior also increases the likelihood of encountering
abandoned, lost, or discarded fishing gear, known collectively as ghost
gear. A study of ghost gear in the Maldives found that 97 percent of
entangled turtles were olive ridleys. Addressing threats from ghost
gear requires strong collaboration between multiple stakeholders,
including national governments, regional fisheries management
organizations, and local communities.

Though many olive ridley nesting beaches are located in protected

areas, threats to nesting habitats persist, particularly from coastal



development for tourism, aquaculture, urban growth, or industrial activities.
The construction of Dhamra Port near the Gahirmatha mass nesting site in
India may have caused significant changes to the geomorphology of the
nesting beach, in addition to causing increased light and water pollution. In
Gabon, the nesting habitat is affected by the accumulation of beached timber
lost from commercial logging activities, thereby changing the erosion and
accretion dynamics of the beach system and blocking access to nesting areas.
Such large-scale threats are difficult to address and require sustained, high-
level engagement with decisionmakers.

At many sites, conservation programs conduct beach patrols and relocate
olive ridley nests to hatcheries to protect them from human and natural
predators. At many solitary nesting beaches, upward trends in olive ridley
populations are probably the result of such long-term efforts. Community-
based conservation programs exist in many parts of the world, including
Brazil, Colombia, Guatemala, Kenya, and Mexico. In India, every coastal
state has multiple NGOs working on the conservation of olive ridleys. Besides
their importance for conservation, research, and education, beach projects
take advantage of sea turtles as a flagship species and provide opportunities
to conserve species and habitats that are less charismatic.

The abundance of eggs laid at mass-nesting sites and solitary beaches
serves as food and as an income source in some marginalized coastal
communities. In the 40 years since its establishment, the legal, community
egg harvest program at the Ostional National Wildlife Refuge in Costa Rica
has been largely successful, with long-term monitoring studies suggesting
that the rookery nesting there remains stable. Furthermore, studies on the
illegal egg trade suggest that these eggs may play an important role in
swamping out the black-market egg trade. The community egg harvest
program continues to generate substantial funding and resources for
conservation as well as to support local family incomes. Turtle tourism is
also on the rise, providing sustainable income for the community. With
stable or increasing populations, some conservationists have suggested that
such approaches can be transferred to other arribada sites, but this strategy

remains controversial.

CONCLUSION

Olive ridleys may be abundant and widespread, but they remain an enigma
in many ways. Their large arribadas drive not only global trends and status,
but also public imagination about the turtles. The disappearance of arribadas
at many sites, the precipitous decline at Nancite, or the failure of the arribada
to occur during a particular year at Gahirmatha or Rushikulya can lead to
greatly exaggerated reports of their impending demise. But then new arribada
rookeries appear, such as those at Camaronal, at Corozalito, and in the
Andaman Islands. Even more interesting is the role that beaches with solitary
nesters play. Are they future arribada sites, producers of male hatchlings in
cooler areas, or perhaps a source of genetic variation?

To best determine future management strategies for the olive ridley,
local studies on habitat use, incidental capture, and genetics must be
expanded. As new arribada sites emerge and the species recovers, monitoring
protocols and conservation strategies must be adapted accordingly. Solitary
nesting rookeries need more conservation and research attention. On the
whole, olive ridleys are doing rather well, but larger-scale global and
development threats still loom. Sustainable fishing practices need to be
implemented wherever sea turtle interactions occur if we are to ensure a safe
future for the animals. As some of the most effective ambassadors for
conservation worldwide, these turtles have an important role to play in the

future of coastal and marine ecosystems. o

BIOGEOGRAPHY
OF OLIVE RIDLEY
SEA TURTLES

The map on pp. 32-33 displays available
nesting and satellite telemetry data for olive
ridley sea turtles. The data include 774
nesting sites and 283 satellite tags, compiled
through a literature review and provided
directly to SWOT by data contributors world-
wide. For metadata and information about
data sources, see the data citations begin-
ning on p. 52.

Solitary (non-arribada) nesting sites
are represented by green dots and arribada
sites by purple dots, both of which are
scaled according to their relative nesting
abundance in the most recent year for
which data are available. Black squares
represent nesting sites for which data are
older than 10 years, data are unquantified,
or the nest count for the most recent year
was given as zero. For the purposes of
uniformity, all types of nesting counts (e.g.,
number of nesting females, number of
crawls) were converted to number of
clutches as needed. Conversion factors
were as follows: a ratio of 3.00 nests to each
nesting female in the East Pacific, 1.40 nests
to each nesting female in the Wider
Caribbean and Southwest Atlantic, and 2.20
nests to each nesting female in all other
regions, plus a ratio of 0.74 nests for every

crawl in all regions.

Satellite telemetry data are represented
as polygons that are colored according to
the number of locations. Darker colors
represent a higher number of locations,
which can indicate that a high number of
tracked turtles were present in that location
or that turtles spent a lot of time in that loca-
tion. Telemetry data are displayed as given
by the providers, with minimal processing to
remove locations on land and visual outliers.
As such, some tracks are raw Argos or GPS
locations, whereas others have been more
extensively filtered or modeled.

We are grateful to all of the data contrib-
utors and projects that participated in this
effort. For details, please see the complete
data citations beginning on p. 52.
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